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@ A process lor the production of a solubilized 
protein is disclosed, which is obtained by reducing 
disulfide bonds in a disulfide bond-containing water- 
insoluble protein material into mercapto groups and 
subsequently converting a part or an entire portion 
thereof into carboxymethyldlsulfide groups. In par- 
ticular, the disclosed process for the production of a 
solubilized protein which comprises (a) treating a 
disulfide bond-containing water-insoluble protein ma- 
terial with an aqueous alkaline solution of a reducing 
agent, and (b) reacting tfie protein treated by step 
(a) with thioglycoiic acid in the presence of an oxi- 
dizing agent under a weakly acidic to a weakly 
alkaline condition. A process for the production of 
regenerated protein products, which comprises re- 
generating disulfide bonds in the solubilized protein, 
is also disclosed. 
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This invention relates to a process to* solubiliz- 
ing water-insoluble and disulfide bond-containing 
proteins derived from wool and other like animal 5 
hair, human hair, and other like protein^bntainirig 
materials. In addition, it relates to a novel process 
for regenerating solubiiized protein .for use in re- 
generated protein products, such as regenerated 
protein films and regenerated protein fibers. to 

BACKGROUND OF THE INVENTION 

As it is well known, keratin fibers, such as 
those found in wool, feei rich due to their excellent 15 
hygroscopic and moisture releasing properties, 
which respond to the moisture content of the air. 
Such properties are characteristic of a complex 
composed of a fibrous keratin with, cr-helix struc- 
ture, which is the crystalline moiety of the fiber, 20 
and an amorphous matrix protein, the molecules of 
which are cross-finked with each other through ' 
disulfide bonds (^SS-). ■ • 

Attempts have been made to soiubilize keratin 
fibers having these excellent physical properties in 25 
order to recycle them. For example, a process is 
known in which an aqueous solution of sodium 
thloglycolate is treated with an oxidizing agent in 
order to' improve the reducing power of thioglycolic 
acid. The resulting partially oxidized aqueous solu- 30 
lion of sodium thioglycolate; which is partially con- 
verted into sodium thiodiglycolate, is then appDed 
to feathers to produce an aqueous solution of kera- 
tin having high viscosity and high molecular weight 
(JP-A-53-119900; the term "JP-A" as used herein as 
means an "unexamined published Japanese patent 
application"). A process is also known in which 
wool is solubiiized by treating it with 100 % 
thioglycolic acid under heating (JP-A-4-91138). An- 
other process is known in which a keratin mem- 40 
brane is toughened and softened by addition of an 
aliphatic polyhydric alcohol ' (JP-B-55-33826; the 
term "JP-B" as used herein means an "examined 
Japanese patent publication"). Finally, a process is 
known in which wool is treated with a reducing 45 
• agent, the resulting mercapto group-containing pro- 
tein is dissolved in a neutral buffer solution, and a 
protein film for use as a cell culture bed is formed 
from the solution by forming disulfide bonds or 
cross-linking bonds with UV Irradiation (JP-A-60- so 
160883). 

However, all of these conventional processes 
are disadvantaged as the protein solubilization 
methods used convert disulfide bonds into mer- 
capto groups by means of reduction. Protein fibers, 5£ 
such as those wool, have a low solubilization ratio 
because of their high disulfide bond crossiinklng 
density. Solubiiized proteins in which mercapto 
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groups remain, as;such are not easily dlS^jfejl in 
neutral aqueous solutions. In addition, theft easily 
form disulfide bonds" by oxidation" with aif^and. 
thereby become insoluble in water. 

When a severe treatment (e.g., heat treatment) 
fs used to InareiseT'the- solubilization ratio, protein 
decomposition occurs. 

The process described in JP-A-4-91138 has 
the disadvantage that viscosity of the resulting so- 
lution decreases, which indicates formation of tow 
molecular weight protein molecules. 

SUMMARY OF THE INVENTION 

An object of the present invention Is to develop 
techniques which- are effective not only in splubiliz- 
ing animal fiber proteins having high disulfide bond 
crossGnking density, but also to: (1) maintain the 
molecular weight and the a-helix primary structure 
of the keratin protein in the solubiiized protein 
without substantial cleaving of peptide bonds; (2) 
attain a high protein solubility in water; and (3) 
develop solubiiized proteins. capable of forming a 
disulfide bond cross-linked structure for use In re- 
generated protein products. 

The present inventors have conducted, exten- 
sive studies with the aim of overcoming the dis- 
advantages of conventional processes. As a result, 
it has now been discovered that when keratinized 
tissues, such as animal and human hair (e.g. ( wool, 
feathers), hooves, and other like materials contain- 
ing keratin protein that is water-insoluble due to the 
existence of disulfide bonds, are treated with a 
thioglycolic acid aqueous solution to reduce disul : 
fide bonds, and the resulting product is oxidized in 
the presence of thioglycolic acid to form a mixed 
disulfide (carboxymethyldisulfide), the resulting 
protein dissolves in water. 

The present invention provides a process for. 
the production of solubiiized protein that com- 
prises: 

(a) treating a disulfide bond-containing water- 
Insoluble protein material with an aqueous al- 
kaline solution of a reducing agent; and 

(b) reacting the disulfide bond-containing water- 
insoluble protein material from step (a) with 
thioglycolic acid in the presence of an oxidizing 
agent under a weakly acidic to a weakly alkaline 
condition. 

The present " invention further relates to a pro- 
cess for the production of a regenerated protein 
product, which comprises forming the solubiiized 
protein obtained in the process described above 
into a desired shape, and then regenerating disul- 
fide bonds in the protein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing an amino acid com- 
position of a solubilized woo! keratin protein. 

Fig. 2 is a graph showing a circular dichroism 
(CD) spectrum of a solubilized protein prepared by 
the process of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, disul- 
fide bonds (-SS-) in the disulfide bond-containing 
water-insoluble protein are reduced into mercapto 
groups (-SH) and a part or entire portion of the 
mercapto groups are subsequently converted into 
carboxymethyldisulfide groups (-SSCH 2 COOH), 
whereby the solubilized protein is obtained. 

Examples of disulfide bond-containing water- 
insoluble proteins used in the present invention 
include natural keratin proteins of animal hair, 
feathers, hooves, horns, claws, and other like pro- 
teins. Though not particularly limited, illustrative 
examples of animal hair include wool of Merino, 
Lincoln, and other like breeds of sheep, and human 
hair. 

The water-insoluble protein material is chopped 
up, or. pulverized, if desired, and then reduced by 
soaking it in an aqueous alkaline solution of a 
reducing agent 

Any reducing agent may be used in the reduc- 
tion, provided that it dissolves in water. Preferred 
examples of reducing agents include thloglycollc 
acid and a salt thereof, thblactic acid and a salt 
thereof, thioglycerol, dithiothreitol, 2-rnercap- 
toethanol, cysteamine, glutathione, thiourea, tri-n- 35 
butylphosphine, sodium borohydride and the like, 
of which thipgiycolic acid and a salt thereof are 
particularly preferred. Specific examples of the 
salts of thioglycoiic acid and thiolactic acid include 
the ammonium salt, sodium salt and potassium 40 
salt. 

The amount of the reducing agent to be used 
is estimated from the number of disulfide bonds in 
the water-insoluble protein, which is calculated by 
mercapto group measurement In general, it is 46 
used in an amount of from 0.0005 to 5 mole, 
preferably from 0.005 to 0.05 mole, per 1 g of 
water-insolubie protein. The concentration of the 
reducing agent in the aqueous solution is prefer- 
ably from 0.01 to 10 M, preferably from 0.1 to 1 M. so 

When thioglycoiic acid is used as the reducing 
agent, it may be used In an amount that is suffi- 
cient not only for the reduction of disulfide bonds in 
the water-insoluble protein into mercapto groups, 
but also for the subsequent formation of carbox- 55 
ymethyldisulfide by oxidation. 

The pH value of the aqueous, alkaline solution 
of the reducing agent may preferably range from 7 



to 13, more preferably from 9 to 12. When an acid 
is used as the reducing agent, the pH value of the 
' aqueous solution may be adjusted with one or 
more alkali agents, which may be selected prefer- 
5 . ably from potassium hydroxide, sodium hydroxide, 
ammonia, monoethanolamlne, and diethanolamine, 
as well as from basic amino acids (e.g., arginine 
and lysine), sodium bicarbonate, ammonium bicar- 
bonate and the like. However, the kind of alkali 
10 agent is not particularly limited. 

The reduction reaction can be carried out at 0 
to 60 • C, preferably at 20 to 50; G. 

Appropriate reaction time can be chosen, usu- 
ally from 1 to 48 hours, depending on the scale of 
15 the reaction system. 

If desired, a protein denaturing agent may be 
used after the reduction step. An aqueous solution . 
of 2 to 8 M urea or 2 to 5 M guanidine hydrochlo- 
ride may be used as the protein denaturing agent * 
20 Treatment with a protein denaturing agent may be 
carried out by soaking the reduced water-insoluble . 
protein in an aqueous protein denaturing solution at 
0 to 40 0 C for 1 to 48 hours with stirring. 

After completion of the reduction reaction, and 
25 optional treatment with a protein denaturing agent, 
the protein and thioglycoiic acid are reacted with 
each other in the presence of an oxidizing agent. 
When thioglycoiic acid is used as the reducing 
agent in the reduction treatment and h still remains 
30 in the reaction system in a sufficient amount, it can 
be used in this oxidation reaction. 

When a reducing agent other than thioglycoiic 
acid is used in the reduction treatment, the reduc- 
tion-treated protein is collected by filtration to re- 
move the reducing agent solution, and then soaked 
in a thioglycoiic acid aqueous solution. 

Thioglycoiic acid may be used in such an 
amount that mercapto groups in the water insoluble 
protein can be converted into carboxymethyldisul- 
fide by oxidation, in general, it is used in an 
amount of from 0.0005 to 0.5 mole, preferably from 
0.005 to 0.05 mole, per 1 g of protein. The con- 
centration of thioglycoiic acid in the reaction sys- 
tem is preferably from 0.01 to 10 M, more prefer- 
ably from 0.1 to 1 M. 

The reaction of protein with thipgiycolic acid 
may be carried out by adjusting the pH of the 
solution with an acid to a weakly acidic to a weakly 
alkaline value, preferably in the range of from pH 5 
to 9, more preferably from pH 6 to 8. The acid is 
not particularly limited, and may be selected from 
organic acids such as acetic acid, lactic acid, citric 
acid, and succinic acid, and inorganic acids such 
as phosphoric acid. 

Though not particularly limited, the oxidizing 
agent may be selected from oxygen, sodium 
bromate, potassium bromate, hydrogen peroxide, 
and the like. 
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The oxidation' reariforv may 1 be carfteif oufat 6 " 
to 40 *G By* bubbling oxygen into' the reaction sys- 
tem or by adding ah aqueous solution of bne'of the 
aforerhehtiohed' Oxidizing agents. The oxidation" re- 
action is'ccrfpfefe when ihercapte-originated odor 
b8cornes' 7 undeteclable, or when the disappearance 
of mercapto groups is confirmed' by adding an 
appropriate amount of a sampie collected from the 
reaction "solution to a neutral aqueous solution of 
0:1 M sodium dinitrobisbenzoate and measuring 
absorbance of the resulting mixture at 412 nm. ~ 

If necessary, the thus obtained solubilized pro- . 
tein may be further purified by an appropriate 
purification. For example, oxidization products of 
the reducing agent and the protein denaturing 
agent, such as urea, low molecular weight polypep- 
tides, electrolytes, and the like, can be removed by 
subjecting the solubilized protein aqueous solution 
to a method of dialysis, such as electrodialysis. If 
desired, insoluble materials may be. removed by 
means of filtration or centrifugation. 

The solubilized protein obtained in the process 
of the present invention has the following prop- 
erties. 

(1) Amino acid analysis: 

Carboxymethyldisulfide bonds which . do riot 
originally exist in the wool protein are formed in fee 
solubilized protein (Fig. 1). 

(2) Molecular weight 

■ * 

40,000 to 60,000 measured by SDS- 
polyacryiamide gel electrophoresis. In this in- 
stance, color development is not detected in the 
lower molecular weight area of several ten thou- 
sands in the gel, which are caused by hydrolysis of 
the protein during the treatment steps. 

(3) Circular dichroism (CD): 

Negative peaks at 209 nm and 222 nm are 
detected, which indicates that the a-helix structure 
is formed in water (Fig. 2). . 

As is evident from the above results, the 
solubilized protein of the present invention has a 
structure in which mercapto groups (SH) formed by 
the cleavage of part or entire portions of disulfide 
bonds (-SS-) in the corresponding water-insoluble 
protein are replaced by carboxymethyldisurftde 

groups (-SSCH2COOH). 

Since these carboxymethyldisulfide groups do 
not return to cystine disulfide bonds under usual 
conditions, the solubilized protein can stably be 
preserved in solution for a prolonged period of 
time. 



- Although ther" : solub1iized protein"]^ 
cording to the process of the present invention is 
soluble in' water,'* 5 Cystine disulfide bonds can be 
formed again under' c^d^ve cohditibri to regener- ■ " 
5 ate a water insoluble' -SS^ crossMint sfructure. 

In consequence; solubilized" protein prepared" 
according to the present invention can be used as 
a material for regenerated protein products, such 
as regenerated protein films and regenerated pn> 
.10 tein fibers of optional shapes that have the same 
properties as the original water-insoluble protein. 

Such regenerated protein films and fibers may 
preferably be produced by a) a process in which 
solubilized protein prepared according to the pro- 
15 cess of the present invention is dialyzed against 
water directly or after its reduction with a reducing 
agent and then disulfide bonds are regenerated in 
or between polypeptides by oxidation, or b)- by a 
process in which solubilized protein is molded into 
20 . a film or a fiber, and then disulfide bonds are 
regenerated therein in the same manner as de^ 
scribed above. 

In addition, it is possible to produce composite 
materials by jointly using at the time of regenera- 
25 Hon other available proteins, such as collagen, 
elastin, silk protein, and other like proteins, natural 
high molecular compounds, such as polysac- 
charides and the like, and derivatives thereof or 
known solutions of synthetic high molecular com- 
30 . pounds. 

The solubilization process of the present inven- 
tion produces solubilized proteins from water-in- 
• soluble proteins with a high efficiency. Also, since 
the reaction product is neither strongiy alkaline nor 
35 strongly acidic, its after treatment can be carried 
out safely and easily. 

Furthermore, the solubilized protein prepared 
according to the process of the present invention, 
namely a protein having carboxymethyldisulfide 
40 groups, is markedly useful as a material for pro- 
ducing regenerated protein products, such as re- 
generated protein films and regenerated protein 
fibers, because the original water-insoluble protein 
can be restored by molding the solubilized protein 
45 into an optional shape and then subjecting the 
moldings to reduction and subsequent oxidation to 
effect regeneration of disulfide bonds. 

For example, a regenerated protein film may 
be obtained by a process comprising: 
so (I) spreading an aqueous solution, of the 
solubilized protein onto a plate; 
00 drying the aqueous solution spread onto the 
plate in step (i) to form a film of the solubilized 
protein; 

55 pit) reacting the film obtained in step (H) with a 
reducing agent; 

(iv) washing the film obtained in step (iii) with a 
mixed solvent of an organic solvent with water 
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containing, a plasticizer; 
(v) drying the film obtained in step (iv); and 
' (vi) peeling off the resulting regenerated protein 
film from the plate in the presence of water. 
The- concentration of the solubilized protein in s 
the aqueous solution to be used in step (i) is 
preferably from 1 to 5 % by weight. The aqueous 
solution may further contain a plasticizer in an 
amount of from 1 to 3 % by weight 

As the plate onto which the aqueous solution of to 
the solubilized protein is spread, various types of • 
plates may be used and preferred examples there- 
of include Teflon plate, polypropyrene plates, and . 
polycarbonate plates. 

The aqueous solution of the solubilized protein ' rs 
is spread onto the plate and then dried for 1 to 3 ' 
days, preferably over silica gel in a desiccator, to 
form a film. 

Thereafter, the film is reacted with a reducing 
agent, whereby the carboxymethyldisulfide groups . 20 
in the solubilized protein are reduced and con- . 
verted into mercapto groups. The reaction is pref- . 
erably carried out in a mixed solvent comprising 
water and an organic solvent In the presence of a 
plasticizer under a weakly alkaline condition (i.e.; a ... 25 
pH.of from 8 to 11). In this instance, it is preferred 
that a solution is prepared in advance by mixing 
the organic solvent and an aqueous solution of the 
reducing agent and adding thereto the plasticizer, 
and the reaction is carried out by spraying the 
solution onto the film of the solubilized protein or 
by immersing the film of the solubilized protein into 
the solution together with the plate. The reducing 
agent is preferably contained In the solution in the 
concentration of from 0.1 to 2 M. The volume ratio 
of the organic solvent to the aqueous solution of 
the reducing agent to be mixed is preferably from. 
90/10 to 70/30. The plasticizer is preferably added 
to the solution in an amount of from 5 to 20 % by 
weight. In general, the reaction is carried out for 
from 1/6 to 1/2 hour at room temperature. 

After the completion of. the reaction with the 
reducing agent, the film is washed with a mixed 
solvent of an organic solvent with water containing 
a plasticizer. The plasticizer Is contained in the 
mixed solvent in an amount of 5 to 20 % by 
weight The volume ratio of the organic solvent to 
water to be mixed is preferably from 90/10 to 
70/30. 

Then, the film is dried In air at 80 to 100* C for 
from 1/10 to 1/4 hour, whereby the mercapto 
groups in the film are oxidized and converted into 
disulfide bonds. 

Thereafter, the film can be peeled off from the 
plate in the presence of water to obtain a colorless 
and transparent keratinous film. In this instance, the 
film may be immersed in water together with the 
plate and then peeled off from the plate in water. 



Alternatively, the film may be peeled off from the 
plate by washing it with wafer. 

Examples of the plasticizer include methyl cel- 
losolve, ethyl cellosolve, propyl cellosolve, Carbitol 
and glycerin, with glycerin being preferred. Exam- 
ples of the organic solvent Include methanol, 
ethanol, isopropanol, n-propanol and acetone, with 
methanol being preferred. Examples of the reduc- 
ing agent include thiogly colic acid and thioglycol, 
with thloglycolic acid being preferred. 

Since protein products having similar proper- 
ties similar to human hair, nails, and skin tissues 
can be produced in optional shapes, solubilized 
protein according to the process of the present 
invention is. also useful in the fields of cosmetics 
and medicines. 

Moreover, it is possible to use solubilized pro- 
tein prepared according to the present invention as 
a heavy metal capturing agent and the like, be- 
cause it contains carboxymethyldisulfide groups in 
its structure and can be insolubijized when re- 
quired. 

The following examples are provided for the . 
purpose of illustration of specific embodiments of 
the present invention, and are not to be construed 
as limiting the scope of the Invention. Unless other- . 
wise indicated, all parts, percents and ratios are by 
weight 

■ 

30 EXAMPLE 1 

A 1.0 g portion of Merino wool was treated at 
30' C for 3 hours with 50 ml of .0.2 M thioglycoiic 
* acid aqueous solution which was adjusted in ad- 
35 vance to pH 9.6 with 3 M potassium hydroxide. 
Next, 24 g (8 M in final concentration) of urea was 
added to the thus treated mixture and stirred at 
30 *C for 24 hours to effect reduction. Thereafter, 
the resulting solution was adjusted to pH 7 by 
40 dropwise addition of acetic acid, followed by 3 
. days of oxidation treatment, which was carried out 
by moderate bubbling air into the reaction system. 
At this stage, the mercapto-specific odor disap- 
peared. 

45 The thus obtained solution was dialyzed using 
a dialysis membrane capable of separating mol- 
ecules having a molecular weight of 10,000 or less, 
thereby removing urea and the like from the solu- 
tion. Next, water insoluble materials that precipitat- 
50 ed out during the dialysis step were separated by 
10 minutes of csntrifugation at 2,500 rpm to obtain 
a viscous solution of the water-solubilized wool 
keratin protein of interest 

After this solution was subjected to freeze dry- 
55 ing, the weight of the resulting solubilized protein 
powder was measured and the solubilization ratio 
was calculated to be 51.4 %. When the molecular 
weight of the solubilized protein was measured by 
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SDS-jSolyacrylami'de ~giel electrophoresis, two Ktfrf'-- 
tin protBin-specific bands were detected on the gel 
at positions corresponding to molecular weights of 
40,000 and 80,000. : Color" development iri the gei : 
corresponding' follow molecular weight hydrolyzed 5 
protein products'* areas was not detected." 

EXAMPLE 2* 

— ... 

... 

A 1.0 g portion of wool was treated at 30 • C for w 
3 hours with 50 ml of 1.0 M 2-mercaptoethanol 
aqueous solution which' was adjusted in advance to 
pH 10 with 3 M potassium hydroxide. Next the 
wool swelled by the reduction treatment was col- 
lected by filtration and mixed with 50 mi of 0.2 M 75 
thioglycolic acid aqueous solution which was ad- 
justed in advance to pH 10 with 3 M potassium 
hydroxide. This was further mixed with 24 g (8 M in 
final concentration) of urea and stirred at 30* C for 
24 hours to' effect the reduction reaction. There- 20 
after, the resulting solution was adjusted to pH 7 by 
dropwise addition of acetic acid, followed by 2 
hours of oxidation treatment at room temperature 
with dropwise addition of a 50 ml" aqueous solution 
of 1 M sodium bromate. At this stage, the mer- 25 
capto-specihc odor disappeared. 

The thus obtained solution was dialyzed using 
a dialysis membrane capable of separating mol- 
ecules having a molecular weight of 10,000 or less, 
thereby removing urea and the like from the solu- 30 
tion. Next, water-insoluble materials that precipitat- 
ed out during the dialysis' step were separated by 
1 0 minutes of centrifugation at 2,500 rpm to obtain 
a solution of the water-solubilized wool keratin pro- • 
tein of interest After this solution was subjected to 35 
freeze drying, the weight of the solubilized protein 
powder was measured and the solubilization ratio 
was calculated to be 53 %. 

• When the molecular weight of the solubilized 
protein was measured by SDS-polyacrylamide gel 40 
electrophoresis in the same manner as in Example . 
1 , two keratin protein-specific bands were detected 
on the gel at positions corresponding to the molec- 
ular weights of 40,000 and 80,000. Color develop- 
ment in the gel corresponding to. low molecular 45 
weight hydrolyzed protein products was not de- 
tected. 

TEST EXAMPLE 1 

50 

Amino acid composition of solubilized wool keratin 
protein: 

A 1.4 mg portion of the solubilized wool keratin 
protein solution obtained in Example 1 .was 55 
hydrolyzed with 1 ml of 6 N hydrochloric acid. It 
was then dried to a solid under a reduced pressure 
and then dissolved in 2 ml of 0.02 N hydrochloric 

6 



acid. Thereafter, a 10 ml portion of the* thus pre^ 
pared solution was analyzed by an amino' acid 
analyzer (L-8500, manufactured by Hitachi, Ltd.). 
Results of the analysis' are shown in Fig. 1. 

As.is evident from '.'the results shbwn' in Fig. 1, 
cystine-thldglycoiic acid disulfide bonds, which are 
shown by the peak "Cys-TGA" and do hot exist iri 
the original wool protein, are formed in the 
solubilized protein. 

■ - V. 

■ 

TEST EXAMPLE 2 

Immunological activity against hard keratin anti- 
body in human hair mother cells: 

Solubilized protein "was isolated in accordance 
with the SDS-polyacrylamide gei electrophoresis of 
Example 1 and subjected to a reduction treatment 
to obtain regenerated protein. The regenerated pro- 
tein thus obtained was transferred on a polyvinyl 
d'tfluorite membrane to examine its reactivity 
against the antibody prepared from hard keratin in 
human hair mother cells, in accordance with the 
procedure disclosed in J, CellB\o\ n vol.103, p.2593 
(1987). The sample before the reduction treatment, 
which was a solubilized protein, showed no reactiv- 
ity with the antibody, however, the disulfide bond- 
regenerated protein sample obtained after the re- 
duction treatment showed a reactivity with the anti- 
body. 

TEST EXAMPLE 3 

- 

Measurement of circular dichroism (CD): 

A 2 mg portion of the freeze-dried powder of 
water-solubilized wool keratin protein obtained In 
Beam pie 1 was dissolved in 2 ml of ion-exchanged 
distilled water. Using a 1 mm cell, the circular 
dichroism of the thus prepared solution was mea- 
sured within a wavelength range of from 200 to 250 
nm using a CD/ORD spectrometer (Model A-20, 
manufactured by JASCO). ThB results are shown in 
Fig. 2. 

As is evident from Fig. 2, the solubilized pro- 
tein forms an a-helix structure in water, because 
the spectrum of its solution has negative peaks at 
209 and 222 nm. 

EXAMPLE 3 

A 50 ml portion of 3 M potassium hydroxide 
aqueous solution was added to 1 .0 g of human hair 
to adjust the pH to 11. This was mixed with 50 ml 
of 0.2 M thioglycolic acid aqueous solution and 
treated at 50 *C for 20 minutes, followed, by the 
addition of 24 g (8 M in final concentration) of urea. 
The solution was subsequently stirred at 30* C for 
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24 hours to effect reduction reaction. 

Thereafter, the resulting solution was adjusted 
to pH 7 by dropwise addition of acetic acid and 
subjected to 3 days of oxidation treatment, which 
was carried out by bubbling air into the reaction 
system to obtain an aqueous solution of solubilized 
keratin protein. At this stage, the mercapto-specla! 
odor disappeared. 

The thus obtained solution was dialyzed. using 
a dialysis membrane from which molecules having 
a molecular weight of 10,000 or less can be re- 
moved, thereby removing urea and the like from 
the solution. Next, water Insoluble materials that 
precipitated out during the dialysis step were sepa- 
rated by 10 minutes of centfrfugation at 2,500 rpm 
to obtain a solution of the solubilized hair keratin 
protein of interest. 

When this solution was subjected to freeze 
drying, the weight of the resulting solubiOzed pro- 
tein powder was measured and the solubilization 
ratio was calculated to be 31.7 %. 

EXAMPLE 4 

. Two % by weight of glycerin was added to a 3 
% by weight aqueous solution of a solubilized 
protein obtained by the aforementioned Example 1 , 
and the resulting mixture was spread over a Teflon 
plate. After drying the mixture to form a film on the 
plate, a solution which was prepared in advance by 
mixing 90 % by volume of ethanol with 10 % by 
volume of a 1 M . aqueous solution of thioglycolic 
acid (pH = 9.0) and adding thereto 10 % by 
weight of glycerin was sprayed onto the film. After 
allowing to stand. for 10 minutes, the resulting film 
was washed by immersing it, together with the 
plate, in a solution which was prepared by mixing 
80 % by volume of ethanol and 20 % by volume of 
water and adding thereto 10 % by weight of glyc- 
erin. Thereafter, the resulting film was dried at 
100 °C for 10 minutes and then washed with water, 
thereby obtaining a colorless and transparent re- 
generated keratinous film which swells but does 
not dissolve in water. 

The number of cystine residues in the solubiliz- 
ed protein which was used for producing the re- 
generated keratinous film determined by an auto- 
matic amino acid analyzer was 29 per 1 ,000 amino 
acid residues. On the other hand, the number of 
cystine residues and cysteine residues in the re- 
sulting regenerated keratinous film determined by 
means of polarography using mercury meihyliodide 
were 20 and Irrespectively. 

The resulting regenerated keratinous film had a 
thickness of 20 urn, a . Young's modulus of 10.0 x ' 
10 7 N/m 2 under a relative humidity of 65 % at a 
temperature of 20 *C, a breaking strength of 3.5 x 
10 s N/m 2 , and a breaking stretch of 15 %. 



Claims 

1. A process for the production of a solubilized 
protein which comprises: 
5 (a) treating a disulfide bond-containing wa- 

ter-insoluble protein material with an aque- 
ous alkaline solution of a reducing agent; 
and 

... (b) reacting said disulfide bond-containing.. 
70 water-insoluble protein material from step 

(a) with thioglycolic acid in the presence of 
' an oxidizing agent under a weakly acidic to 
a weakly alkaline condition. 

is 2. The process of claim 1 , wherein said reducing 
agent comprises thioglycoliG acid. 

3. The process of claim 1 , wherein said oxidizing 
agent comprises air or oxygen. 

20 

4. The process of claim 1, wherein said disulfide 
bond-containing water-insoluble protein mate- 
rial is selected from the group consisting of 
hairs, feathers, horns, hooves, and claws of 

25 . animals. 

5. A process for the production of a regenerated 
protein product which comprises: 

(a) treating a disulfide bond-containing wa- 
30 ter-insoluble protein material with an aque- 
ous alkaline solution of a reducing agent; 

(b) reacting said disulfide bond-containing 
water-insoluble protein material from step 
(a) with thioglycolic acid in the presence of 

55. an oxidizing agent under a weakly acidic to 

weakly alkaline condition; 

(c) recovering solubilized protein; and 

(d) forming said solubilized protein into a 
shape; and " 

40 (e) regenerating disulfide bonds in said 

solubilized protein. 
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